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Overview of PCB Sources in the Watershed

Evidence of PCB Discharges
- PCB Chemistry 209;
- Evidence of Aroclor 1254 discharges; and
- Morrow Lake.

So, where did the Aroclor 1254 come from?

Conclusions
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End-Uses of PCBs by Type
Reference: Durfee, et al., 1976.

End-Use

Existing Sales
Capacitors

Transformers

1016

XX

1221

X

1232 1242

/ **](through 1571

7

1248 1254

X

XX

1260

X
through 1971

1262 1268 PCTs

Sales Phased-Out

Heat transfer

Hydraulics/lubricants

• hydraulic fluids

• vacuum pumps

• gas-transmission turbines

Plasticizers

• rubbers

• synthetic resins

• carbonless paper

Miscellaneous Industrial

• adhesives

• wax extenders

• dedusting agents

•inks

• cutting oils

• pesticide extenders

• sealants & caulking compounds

X

X

X

X

X
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\] •

X

XX

XX
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X

X

X
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U/y

X
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X X

X

X

X X XX

XX

X X

X

X

X

X

X

X

X

XX

XX

XX

XX

XX

Notes:
(1) X denotes use of a given Aroclor in a specific end-use, while XX denotes principal use.
(2) PCTs denote seres 25, 44, & 54 Aroclors.

Source: Monsanto Industrial Chemical Co.
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Detections of PCB at POTWs

Battle Creek WWTP:
- Effluent 0.16-0.39 ug/L; 1971-1972 samples
- Sludge 2.8 mg/kg - dry weight; 1973

• Kalamazoo Water Reclamation Plant
- Effluent 0.11-4.7 ug/L; 1990-1994
- DSE - WAR Building Ash up to 12 mg/kg; 1990-1991

• Marshall WWTP
- Effluent PCB detected in 1973 sample

• Plainwell WWTP:
- Effluent 0.017-0.031 fjg/L; 1985.

• Portage WWTP:
- Effluent 1.9|jg/L; 1971
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PCB Chemistry- 209 compounds (a.k.a. congeners)

3 2

O
5 6

Chlorine
Substitution

Mono*
Di-
Tri-
Tetra-
Penta-
Hexa-
Hepta-
Octa-
Nona-
Deca-

2' 3'

-£>
6' 5'

Number of
Possible Isomcrs

3
12
24
42
46
42
24
12
3
1

Reference: Wade, 1986.

Total: 209
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PCB Environmental Chemistry

• More chlorine, less soluble
• Less soluble, more bioaccumulative
• More chlorine, more bioaccumulative
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Average Composition (wt. %) of Some Aroclors

Reference: Erickson, 1997.

Homolog
(chlorines) 1221

0 10
1 50
2 35

~~^^ 3 4
4 1

9

Aroclor
1232a

26
29
24
15

1016

2
19
57
22

1242 1248

1
13 1
45 $ 22
31 I 49
10 d> 27

V 2

V

1254 1260

1 /
£ > ,053 12
26 42
4 J^»Y> 38

Xj
a Five percent unidentified (biphenyl?).

Source: From Brinkman, U. A. Th. and De Kok, Halogenated Biphenyls,
Terphenyls, Napthalenes, Dibenzodioxins and Related Products, Kim-
brough, R. D., Ed., Elsevier Biomedical Press, New York, 1980, 1. With
permission.
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PCB Environmental Chemistry-
Primary "Weathering" Processes

• Dissolution - removes low molecular-weight
PCB from solid phase (e.g. sediment,
residuals). Can make lighter Aroclors appear
heavier.

Anaerobic dechlorination - removes chlorine
from the PCB molecule (e.g transforms penta-
CB to tetra-CB to tri-CB). Can make heavy
Aroclors appear lighter.

13
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ECD Chromatograms of Aroclor 1016,1242,1254, and
1260 on a Single SE-54 Column

1016

Reference: Schulz, et al., 1989.

30 40
RETENTION TME (MM
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28.0 -

I I I in II ii II

7.5 10.0

, Time (minutes)

12.5 15.0 17.5 20.0

KB60301286

BLASLAND & BOUCK ENGINEERS, P.O.
ENQINEEKS * SCIENTISTS

KALAMAZOO RIVER STUDY GROUP
ALLIED PAPER INC. /PORTAGE CREEK
KALAMAZOO RIVER SUPERFUND SITE

AROCLOR 1242
ANALYZED BY

RTX-5 COLUMN

FIGURE
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Comparison of Capillary-Column Chromatograms for
Historical Deinking Mill Paper Sludge

Reference: BBL, The Determination of
PCBs in Pulp and Paper Effluents and

Sludges: A Review of Regulatory
Methods, 1994.

AHOCLOR 1Z48

HISTORICAL OHNKMO MIL
PAPER SLUDGE

• I

AROCLOR 1242
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What's in the Sediment?

Morrow Lake Dam - Lake Allegan Dam
- Submerged Sediment - 64,000 Ibs. of PCB
- Exposed Sediment - 55,000 Ibs. of PCB
- Majority Aroclor 1242-like (tri- & tetra- chlorobiphenyls)
- Localized exceptions of Aroclor 1254 dominated

17
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PCB Concentrations in Upper Two Feet of Sediment

1000

0.01
10 15 20 25 30 35 40 45

Downstream from the Morrow Lake Inlet (35th Street)
50 55

Notes:
1. Kalamazoo River sediment samples from the "KPT-" locations, where cores w ere collected in 1993/94 and analyzed in 1997 and 1999/2000. Samples from depths not exceeding 24 ".
2. Morrow Lake samples from 16 sediment cores collected in summer 2000. Samples from depths not exceeding 24".
3. Includes samples from finely-sectioned cores collected in 2000. Samples from depths not exceeding 24".

18
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PCB Distribution in the Kalamazoo River

9000

8COO

Allied Paper Inc.

20

-Fort James, Parchment

1—Ealon Facility

-Fort James. Kalamazco

Miles from Morrow Lake Inlet (35th Street)

DMorrow Lake PCB Mass • River Sediment PCB Mass DFormer Impoundment PCB Mass
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PCB Composition Variations

Depth(in) PCB(ppm)

'* • SEDIMENT PCB SAMPLING LOCATION

I O SCDEIEMT PROBWC LOCATION

PLAMMETR1C MAPPING OBTAINED FROM MICHIGAN RESOURCE
INFORMATION SYSTEMS.

SEDiUEfJT CORES WERE COLLECTED DURING THE 1993/1994
REMEDIAL INVESTIGATION AND ANALYZED IN ISO? AMD 1999

t/n/os SVK-U-CUS BJO
M3DZ100/B4MS C Dl. DUG
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Auto Ion Superfund Site

Site Location

22
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Auto Ion Superfund Site

Aroclor 1242

Sample AI-3
(1- to 1.5-foot interval)

Aroclor 1254

15.0 18.0 21.0 24.0 27X1 30.0

Time (minutes)

I

9.0 12.0 15.0 18.0 21.0 24.0 27,0

Time (minutes)

15.0 18.0 21.0

Time (minutes)

24.0 27.0 30.0
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Percent of Total PCB Quantified as Aroclor 1254
in Surficial Sediment
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PCB Composition of Residual Samples from Kalamazoo
River Operable Units and Kalamazoo River Sediment

Samples

Location

Ooerable Units
12th Street Landfill
King Highway Landfill
A-Site : • • • ';;..;.
Willow Boulevard ,
Allied Paper. Inc.

River Segments
Morrow Lake . ; ..
Morrow Dam to Portage Creek
Portage Creek to Main Street, Plainwell
Main Street Plainwell to PlainweH Dam
Plainwell Dam to Otsego City Dam
Otsego City Dam to Otsego Dam
Otsego Dam to Trowbridga Dam
Trowbridge Dam to Allegan City Line
Allegan City Line to Allegan City Dam
Lake Allegan . :: :

• ' " • ' , . • • : - . • . ' ' • • - • - - '" ' '.•"'•: ' '; ' ' , "•"'•:•'• ' • - ' : •

Former Imooundment Exposed Sediment
Plainwell

• Otsego :.;•'• '.'. .: ;::':,;X'
Trowbridge . ,

n

35
106
55
32

111

51

199
331
58
63
81
87
85

140
228

j'.

125

122
194

Percent of Total Detected PCB Mass Quanthated by Arodor
%1016 %1242 %1248 % 1254 % 1260

• • ' •" •' • ' : . - ' " '•.. ' • • , '•. " ' •' ". .' '•'• •" ' •' '"' ."

8.1 45.6 41.5 3.1 1,6
0.0 88:6 11.2 0.1 0.1
0.0 89.2 ' ' . ' • . . ' ,.•&?• ..'•'•'. 1-8 °3
1.2 91.9 5.9 0.4 0.5
11.3 86.0 2,4 0.3 0.1

0,0 0.0 1.8 89.6-*" 8.6
00 36.5 8.7 52.7 2-0
0.0 58.3 9.5 29.8 1.8
0.0 78.0 11.9 10.3 0.0
0.0 80.9 1.9 17.0 0.2
0,0 588 29.3 10.9 1-0
0.0 69.0 8.5 22.1 0.4
0.0 441 23.9 19,2 12.8
0.0 89.8 2.4 7.8 0.1
0.0 87,0 3.8 9:2 0.1

• •_•": ' '•'.' • • ' • ' ' • '" ;'-' • - .• ' '.• .'•" ' •• '• ••'
0.3 -., 2.8 .. '•"; ' 77.8 14.3 4.8

18.3 20.7 35.7 23.6 1.7.
9.1 . 3 . 2 66.2 16.5 5.0

% 1016 +1242+1248 % 1254+1260

, 9 5 . 3 4 . 7

99.8 0.2
97.9 : ;•: 2:1 .;•.,-.
99.1 0.9
99.6 0.4

• ;'. ; • ". ' .. • '-. ' • • ' . ' ' ' . '• •'

1.8 98.2
45^ 54.7
67.8 31.6
89.9 103
82.8 17.2
88.1 11.9
77.5 22.5
68.0 32.0
92.2 , 7.9

; : Oil O • Jr-» ' Q t ^ faff)
w.O \$d'\s "•** a»f

. .-•••' $)*̂  • . " . - • • ; :]fj$r ,.
' " ' " • • : .•';" :.- • . ' ? • * ' • . • / . ' . ;•'.,

80.9 .'-'•' 19-1
74.7 25.3

' 78.5 21.5 :
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Homolog Distribution in Bryant Mill Pond Sediment
Samples
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Location BMP-?

0 to 1 Fool D*pU> Imtrval

r> TSi IETRA POTA HEXA HE?TA OCTA

1 lo 2 Foot D*ptt Interval

li

I 2 to 3 Foot Depth Interval

^_L
HEXA hi^TA OCIA

3 to 4 Fool Depth l.i

PCM* HEX* M(PT* OCTA

Tl -S TETRA P6NTA HtX* HtPTA 3CTA

WholB Cora PCB Uaci Dielribulion

I«

I •
TETIW » = f.T* H-K. HfPIA

Location BMP-12

0 to 1 Foot Daptti lnt.rv»t

•M* «.!•;

I I
C. TRl TETRA CfrNlA nEXA HEP'A OCK

1to2FooiD«pihlnMrval

u
01 IH TETBA PEMTA H=» .-EPIA CCT*

2 to 3 Foot Depth Interval

I"

Dl IF- TETRA PtNTA HEX* lEPIA OCTA

3 to 4 Foot LWptn interval

H-t.A rf(A CCT*

4 10 5 Fool Dejjlli Inlervpl

£l,SS j,̂ ^

Dl m TCTBA PCHTA HEM
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Comparison of Fish Chromatograms from The Kalamazoo River

INCREASED RETENTION TIME

Morrow Lake

Portage Creek

J

Lake Alleaan

04/27/05 SYR-D85-DJH
64502100/64502g04.cdr

Aroclor 1248 Standard

BBL
BLASLAND, BOUCK & LEE, INC.
engineers, scientists, economists



Comparison of "Aroclor Composition" in
Fish and Sediment PCBs

Legend
| | Aroclor 1242/1248

Aroclor 1254/1260

Other Aroclors

Morrow Lake Fish Bryant Mill Pond Fish Kalamazoo River Fish

©
Morrow Lake OU Residuals Kalamazoo River

Sediment Sediment
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Relationship Between Biota to Sediment Accumulation
Factors (BSAFs) and the Logarithm of Octanol-Water

Partition Coefficients (Log Kow)

100.00
PCB

tO.OO

1.00

0.10

0.01
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PCS In Fish
•••
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PCB Chromatograms for Morrow Lake Sediment
I Samples From Near the Hawthorne Mill
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W

O

3 4 5 6

Total PCB Concentration (mg/kg)

LEGEND

« Morrow Lake
• Bryant Mill Pond
o Lake Allegan
A Rainwell Dam
'• Near Saugatuck
— Linear Regression Line - Morrow Lake 0" = 0.25)
• • • Linear Regression Line - Bryant Mill Pond (' ~ 0.017)
• — Linear Regression Line - Lake Allegan (r ~ 0.26)
— Linear Regression Line - Plainwell Dam (' = °-38)

Linear Regression Line - Near Saugatuck (r = 0.010)

DRAFT FOR STATE AND
FEDERAL REVIEW

NOTE:
Peak A = 2,4',5 & 2,4,4'-Trichlorobiphenyls
Peak K = 2,3,3',4,5,6 & 2,2',3,4,41,5' & 2,3,3',4,4',6-Hexachlorobiphenyls

KALAMA200 RIVER STUDY GROUP

ALLIED PAPER. INCJPORTAGE CREEWKALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT

A/K PCB CONCENTRATION RATIO VS TOTAL
PCB - 1993 FISH DATA

BBI BLASLAND, BOUCK & LEE, INC.
. engineers & sc ient is ts

FIGURE

9
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Total PCB Concentration (mg/kg)

Morrow Lake
Bryant Mill Pond
Lake Allegan
Plainwell Dam
Near Saugatuck
Linear Regression Line- Morrow Lake (r ~®-

DRAFT FOR STATE AND
FEDERAL REVIEW

--- Linear Regression Line - Bryant Mill Pond V = 0.0025)
-- Linear Regression Line - Lake Allegan (' = 0.069)
--- Linear Regression Line - Plainwell Dam (r -0.24)

Linear Regression Line - Near Saugatuck (' = 0.0047)

Peak A = 2,4',5 & 2,4,4'-Trichlorobiphenyls
Peak G = 2,2',3,4',5 & 2,2,4,5,5'-Pentachlorobiphenyls

KALAMAZOO RIVER STUDY GROUP

ALLIED PAPER. INCyPORTAGE CREEK/KALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT

A/G PCB CONCENTRATION RATIO VS TOTAL

PCB- 1993 FISH DATA

BBI BLASLAND, BOUCK & LEE, INC.
. engineers & sc ient is ts

FIGURE

8
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._Tb
LEGEND

S Upstream of Battle Creek

O Downstream of Morrow Lake

• PlaiiweDDam

• Otsego Dam

• LakeAllegan

@NearSaugatuck

A/G AVERAGE

• Morrow Lake

• NearMoselAve

• Otsego City Impoundment

UlTrowbridgeDam

• Downstream of Lake Allegan

• Bryant Mil Pond

A/K AVERAGE

DRAFT FOR STATE AND
FEDERAL REVIEW

NOTE:
Peak A = 2,4',5 8 2,4,4'-Trichlorobiphenyls
Peak G = 2,21,3,4',5 & 2,2',4,5,5'-Pentachlorobiphenyls
Peak K = 2,3,3',4,5,6 & 2,2',3,4,41,5' & 2,3,3',4,4',6-Hexachlorobiphenyls

KALAMA200 RIVER STUDY GROUP

ALLIED PAPER. INCJPORTAGE CREEKMALAMAZOO RIVER SUPERFUND SITE

REMEDIAL INVESTIGATION REPORT

PCB CHROMATOGRAM PEAKS A/G AND A/K
PCB CONCENTRATION RATIO AVERAGES -

1993 FISH DATA

BBL BLASLAND, BOUCK & LEE, INC.
engineers S s c l e n f l s f s

FIGURE

10
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Morrow Lake

Sediments contain approx. 4,000 Ibs of Aroclor 1254-like
PCB.

According to Connolly (1997), Morrow Lake retains 22% of the
entering particles.

Therefore, roughly 15,000 Ibs of PCB transported over the
dam.

37
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PCS Sources- Who are they?

• Morrow Lake
• Downstream of Morrow Lake and

Upstream of Plainwell

39
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General Signal Corporation/Benteler Industries, Inc.,
Comstock Township

• Measured PCB concentrations up to 164 mg/kg in the
drainage ditch leading to Morrow Lake. Aroclors 1248, 1254,
and 1260 used to quantify.

• In 1990, the MDEQ asked Benteler to cease all discharges to
the ditch due to possibility that "large storm water flows could
transport PCB in the ditch to the Kalamazoo River."

• PCB spills in plant evident from PCB measured in concrete
flooring. 289 cy of concrete was removed, remaining floor
was decontaminated or decontaminated/encapsulated.

40
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General Signal Corporation/Benteler Industries, Inc.,
Comstock Township

East Goiru?tock

J:\DOC05\64502_00251022.PPT
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Eaton Corporation

Battle Creek:

- Made engine valves; and
- 1.4 (ag/L - 1972 water sample in ditch.

Kalamazoo:
- Made heavy-duty truck transmissions.

42
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Eaton - Wood Block Flooring

• Kalamazoo
- In 1984, Eaton initiated a program of PCB sampling of the

wooden tile blocks that make up most of the work area;
- Over 70 tile blocks were sampled. PCB were detected up

to 743 ppm; and
- Approximately 1,500 to 2,000 ft2 of wood block flooring

with PCB greater than 50 ppm were removed.

• Battle Creek
- About 9.1 acres of the Battle Creek facility were wood

block flooring; and
- Based on laboratory analysis of the wood block,

approximately 20% of the block (1.8 acres) had PCB
concentrations greater than 50 ppm.

43
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SAMPLE B-10

Aroctor1242 46P
Arodor1254 170
Total PCBs > 220

SAMPLE B-4 A I •

Aroclor1254 1,000 660

SAMPLE B-11

Arock>r1254 6,600
Aroctor1260 1.300
Total PCBs 6.900

*•*. Kalamazoo River Channel

s

Current (post-195
Kalamazoo River Channel

Former Eaton
Drain (Approx) tBOT2 - 1 - 2 - 3 - 4

Total PCS) ND NO NO NO

BOT1 - 1 - 2 - 3 - 4

Aiock>M254 280 290 53P 450
Arodor1260 150P
Total PCBs >430 >360 >79 >570

Reference: Mclaughlin, 2001

Approximate Scale

Source: USGS 7.5 Minute Quadrangle, Battle Creek (1955)
(1985 Quadrangle for current Kalamazoo River channel)

Concentrations In micrograms/kilogram (ug/kg)

Figure 2. SAMPLE LOCATION MAP—OXBOWS
EATON BATTLE CREEK (SPRINGFIELD)
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Comparison of McLaughlin's Eaton Battle Creek and
Kalamazoo Samples to KRSG Sediment Samples

1000

10 15 20 25 30 35 40

Miles Downstream from the Morrow Lake Inlet (35th Street)
50

A Coarse Sediment

0 Sediment or Former Sediment

O Fine Sediment O Eaton Storm Sewer Ditch

• Eaton - McLaughlin's Kalamazoo Samples

Moles

1. Kalamazoo River sediment samples were from the "KPT." locations, where cores were collected in 1993/1994 and analyzed in 1997 and 1999/2000.

Samples were from depths not exceeding 24 inches.

2 Morrow Lake samples were from 16 sediment cores collected in summer 2000 Samples were from depths not exceeding 24 inches.

3 Eaton samples collected by SCS Engineers in 2001. Samples were from depths not exceeding 24 inches
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Readily available documentation shows:

• Twelve industrial facilities discharged PCB to the Kalamazoo
River;

• Six industrial facilities discharged PCB to a WWTP that
discharges to the Kalamazoo River;

• Eight WWTPs discharged PCB to the Kalamazoo River;

• 10 facilities had PCB spills or leaks;

• Nine companies with PCB contaminated soils; and,

• more than 26 others used PCBs

48
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f*rnif»l icisinoconclusions

IVlultipte sources of PCB;
No evidence of massive NAPL loading of PCB;
Aroclor 1254 responsible for half the fish PCB;
Fish PCB can't .be explained by weathering of
Aroclor 1242;vgin^gtta^
Aroclor 1242 does not weather to produce Aroclor-^
like PCB
Aroclor 1254 was apparently widely used and
released in the watershed
Significant amount of Aroclor 1254 came over the
Morrow Lake Dam; and
There is a significant orphan share at the Site.
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